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Abstract
Neutrino masses and mixings are investigated on the basis of a
universal seesaw mass matrix model, in which quark (except for top)
and charged lepton mass matrices Mf and neutrino mass matrix Mν
are given by Mf ≃ mLM−1F mR and Mν ≃ mLM−1F mTL (F = N), re-
spectively. For a simple model which can successfully describe quark
masses and mixings, we find that the observed neutrino data (except
for the solar neutrino data) are favor to the intermediate mass scales
O(mR) = 10
11 GeV andO(MF ) = 10
13 GeV together withO(mL) = 10
2
GeV. In spite of the largesse of O(mR), the observed top quark mass
can be consistently understood from the would-be seesaw mass matrix
with these mass scales.
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1. Introduction
One of the most exciting problem in the quark and lepton physics is to give
a natural understanding of the observed hierarchical mass spectra of quarks and
leptons in relation to the electroweak scale ΛW . In the conventional models, the
fundamental fermions acquire their masses through the symmetry breaking of the
electroweak symmetry at the energy scale µ = 〈φ0L〉 ≡ ΛW = 174 GeV. However,
the observed mass values except for the top quark mass mt are considerably small
compared with ΛW . Especially, the neutrino masses are invisibly small (or exactly
zero). In relation to this problem, we know an interesting mechanism, the so-called
“seesaw” mechanism.
The mechanism [1] was first proposed in order to answer the question why
neutrino masses are so invisibly small: Mν ≃ −mM−1mT , where m is a Dirac mass
matrix with the order of the conventional quark and charged lepton masses and M
is a Majorana mass matrix of the right-handed neutrino νRi (i is family-index). If
we suppose mν ≤ 10 eV and m = O(mτ ), the Majorana mass M must be larger
than 108 GeV. Usually, in the most models, the order of M is taken as the order
of the unification energy scale.
On the other hand, in order to understand why quark masses are so small
compared with the electroweak scale ΛW , the mechanism was applied to the quarks
[2]: Mf ≃ −mLM−1F mR, whereMF is a mass matrix of hypothetical heavy fermions
Fi. If we take mL ∼ mW ∼ 102 GeV, mR ∼ 103 GeV and mf ∼ a few GeV, then
the heavy fermion mass MF must be of the order of 10
5 GeV. However, it seems to
be not economical that we have two different mass scalesM andMF . Can we build
a model with the same mass scale for M and MF ? The answer is Yes. Since the
neutrino and quark mass matrices Mν and Mf are given by Mν ≃ −mLM−1F mTL
(F = N) and Mf ≃ −mLM−1F mR (F = U,D), respectively, we can understand
the smallness of the neutrino masses by assuming O(mL)/O(mR) = O(mν/mf)
(f = u, d) [3].
By the way, for the seesaw model for quarks, there seems to be a stumbling
block: it seems that the observed top quark mass [4] mt ∼ ΛW apparently takes
objection to the application of the seesaw mass matrix model to quarks. However,
recently, it has been pointed out [5,6] that the seesaw mass matrix model for
quarks is rather preferable to understand why only top quark mass mt is of the
order of the electroweak scale ΛW and why mt is so singularly enhanced in the
third-family in contrast with mu ∼ md in the first family. In the framework of the
SU(2)L×SU(2)R×U(1)Y gauge model, the 6 × 6 would-be seesaw mass matrix for
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the fermion (f, F ) is given by
M =

 0 mL
mR MF

 = m0

 0 ZL
κZR λYf

 , (1.1)
where fi (i = 1, 2, 3: family index) are the ordinary quarks (f = u, d) and leptons
(f = ν, e), and Fi are hypothetical vector-like heavy fermions corresponding to
fi. The fermions fi and Fi belong to fL = (2, 1), fR = (1, 2), FL = (1, 1) and
FR = (1, 1) of SU(2)L×SU(2)R, respectively. The symmetries SU(2)L and SU(2)R
are broken by the vacuum expectation values of the Higgs scalars φL and φR, i.e.,
the mass matrices mL and mR, respectively. For convenience, in (1.1), we have
denoted the matrices mL, mR and MF in terms of the matrices ZL, ZR and Yf ,
which are of the order of one, i.e., Tr(ZLZ
†
L) = O(1), Tr(ZRZ
†
R) = O(1) and
Tr(YfY
†
f ) = O(1). It is well-known that the mass matrix (1.1) leads to the seesaw
expression
Mf ≃ −mLM−1F mR , (1.2)
for the case |λ| ≫ |κ| ≫ 1 and detMF 6= 0. On the contrary, for the case detMF =
0, the mass spectrum is given by [5,6]
m1, m2 ∼ (κ/λ)m0 ,
m3 ∼ m0 = O(mL) ,
m4 ∼ κm0 = O(mR) ,
m5, m6 ∼ λm0 = O(MF ) ,
(1.3)
independently of the explicit structures of ZL, ZR and Yf . Note that the third
fermion mass mf3 is given by m
f
3 ∼ m0 without the suppression factor κ/λ. There-
fore, if we build a model such as detMF = 0 in up-quark sector, we can understand
why top-quark alone has a mass of the order of mL (∼ ΛW ). This fact (1.3) was
first explicitly demonstrated by Fusaoka and the author [5] on the basis of a spe-
cial seesaw mass matrix model, where MF is given by the form [(unit matrix)+(a
rank-one matrix)], and then re-stressed by Morozumi et al. [6], on the basis of a
general study.
Thus, the result (1.3) seems to support the idea that the seesaw mass matrix
model for the quarks should be taken seriously. Then, the problem is rather in the
neutrino sector: Can the seesaw model, which can successfully describe the quark
masses and mixings, satisfactorily describe the neutrino masses and mixings, too?
The purpose of the present paper is to discuss the neutrino phenomenology on the
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bases of an explicit model which can satisfactorily describe the quark masses and
mixings.
In the next section, we discuss the 12×12 mass matrix of the twelve Majorana
neutrinos and we will re-derive the well-known form Mν ≃ −(m0/λ)ZLY −1ν ZTL for
the conventional light neutrinos. In Sec. III, we introduce a model (Model I) with
ZL = ZR and Yν =[(unit matrix)+(rank-one matrix)] as a simple example of the
matrices ZL, ZR and YF . In Sec. IV, we try to explain all of the present neutrino
data, the solar, atmospheric and LSND neutrino data, by Model I. However, we will
fail in the simultaneous explanation of the three data, and we can give a satisfactory
explanation only by giving up the explanation of one of the three. For example, if
we give up an explanation of the solar neutrino data, we can give the reasonable
values of (∆m2, sin2 2θ) for the atmospheric and LSND neutrinos, and we obtain
the intermediate mass scales κm0 ∼ 1011 GeV and λm0 ∼ 1013 GeV together with
m0 = 312 GeV. In spite of the largeness of O(mR), the model will be able to give a
reasonable value of the top quark mass mt (and, of course, reasonable other quark
masses and mixings). Finally, Sec. V is devoted to the conclusions and remarks.
2. Neutrino Mass Matrix
The neutral lepton mass matrix which is sandwiched between (νL, ν
c
R, NL, N
c
R)
and (νcL, νR, N
c
L, NR)
T , where νcL ≡ (νL)c ≡ CνTL and so on, is given by
M =


0 0 0 mL
0 0 mTR 0
0 mR MM MD
mTL 0 M
T
D MM

 , (2.1)
where MD (≡ MN) and MM are Dirac and Majorana mass matrices of the neutral
heavy fermions Ni. The matrices mL and mR are universal for all fermion sectors,
i.e., f = u, d, e, ν, and the differences among up-/down- quark/lepton masses are
generated by the differences of MF ≡ λYf . The heavy fermions Fi belong to (1, 1)
of SU(2)L×U(2)R. Besides, the neutral heavy leptons Ni do not have the U(1)-
charge. Therefore, it is likely that when the Dirac masses (MD)ij are generated
between NLi and NRj , the Majorana masses (MM)ij are also generated between
NLi and N
c
Lj (N
c
Ri and NRj) with the same structure at the same energy scale
µ = λm0. Hereafter, we put MM =MD ≡MN ≡ λm0Yν.
For the case MM =MD, the diagonalization must be done carefully because
the determinant of the 6 × 6 sub-matrix for (N cL, NR) in the 12 × 12 matrix (2.1)
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becomes zero. First, we rotate the matrix (2.1) on the (N cL, NR)-plane by the angle
pi/4. Then, the mass matrix (2.1) becomes
M ′ =
m0√
2


0 0 −ZL ZL
0 0 κZTR κZ
T
R
−ZTL κZR 0 0
ZTL κZR 0 2
√
2λYν

 , (2.2)
We can see that, of the twelve components of the neutrinos, the three are approx-
imately described by the mass matrix 2λm0Yν . The remaining 9 × 9 mass matrix
is given by
M ′ ≃ m0√
2


0 0 −ZL
0 0 κZTR
−ZTL κZR 0

−m04λ


ZLY
−1ZTL κZLY
−1ZR 0
κZTRY
−1ZTL κ
2ZTRY
−1ZR 0
0 0 0

 , (2.3)
where we have used the formula of the seesaw approximation for the (n+m)×(n+m)
matrix M :
M =

 A B
C D

 =⇒ M ′ ≃

 A− BD−1C 0
0 D

 . (2.4)
By using
R ≃


1 ε 0
−ε† 1 0
0 0 1

 , ε = 1κZL(ZTR)−1 , (2.5)
the matrix (2.3) is transformed into
RM ′RT ≃ m0


−1
λ
ZLY
−1ZTL −
κ
2λ
ZLY
−1ZR 0
− κ
2λ
ZTRY
−1ZL −κ
2
4λ
ZTRY
−1ZR
κ√
2
ZR
0
κ√
2
ZR 0


. (2.6)
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Therefore, we obtain the following twelve Majorana neutrinos: (i) three heavy
Majorana neutrinos with masses of the order of λm0, whose mass matrix is ap-
proximately given by
Mheavy ≃ 2MN = 2λm0Yν , (2.7)
(ii) three sets of almost degenerate two Majorana neutrinos (the pseudo-Dirac
neutrino [7]) with masses of the order of κm0, whose mass matrix is approximately
given by
MPS−D ≃


−1
4
mTRM
−1
N mR
1√
2
mTR
1√
2
mR 0

 = κm0


− κ
4λ
ZTRY
−1
ν ZR
κ√
2
ZTR
κ√
2
ZR 0

 ,
(2.8)
and (iii) three light Majorana neutrinos with masses of the order of (1/λ)m0,
whose mass matrix is approximately given by
Mν ≃ −mLM−1N mTL = −
m0
λ
ZLY
−1
ν Z
T
L . (2.9)
Note that, differently from the models by Berezhiani and Davidson-Wari [3], there
are no neutrinos with masses of the order of (κ2/λ)m0, i.e., whose mass matrix is
approximately given by mRM
−1
N m
T
R.
The neutrinos which are described by the mass matrix (2.9) consist of al-
most left-handed neutrinos νLi. Therefore, our task is to seek for such matrix
forms of ZL, ZR and Yf as those can give reasonable quark and lepton masses,
Cabibbo-Kobayashi-Maskawa (CKM) [8] matrix, and neutrino mixings, where the
mass matrices of down-quarks and charged leptons are given by (1.2), i.e., Mf ≃
(κ/λ)ZLY
−1
f ZR with detYf 6= 0, that of up-quarks is given by (1.1) with detYu = 0,
and that of neutrinos is given by (2.9).
3. A Simple Case
As an explicit model of the universal seesaw mass matrix models which give
phenomenologically reasonable predictions for quarks, there is a model which has
been proposed by Fusaoka and the author [5]. In their model, the matrices are
simply taken by
ZL = ZR ≡ Z , (3.1)
and
Yf = 1+ 3bfX , (3.2)
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where 1 andX are a 3×3 unit matrix and a rank-one matrix normalized asX2 = X ,
respectively. They have assumed that the matrix Z is given by a diagonal form in
the family-basis on which X is democratic form:
Z =


z1 0 0
0 z2 0
0 0 z3

 , X = 13


1 1 1
1 1 1
1 1 1

 . (3.3)
They have used the input values
z1√
me
=
z2√
mµ
=
z3√
mτ
=
1√
me +mµ +mτ
, (3.4)
from Me ≃ (κ/λ)m0Z · 1 · Z by assuming be = 0 in the charged lepton sector as a
trial. Then, for up-quark sector with detYu = 0, i.e., with bu = −1/3, they have
obtained the successful relations
mu ≃ 3
2
me
mτ
κ
λ
m0 , mc ≃ 2mµ
mτ
κ
λ
m0 , mt ≃ 1√
3
m0. (3.5)
As we noted in (1.3), the third quark mass does not have the suppression factor
κ/λ. The ratio of κ/λ is fixed as κ/λ ≃ 0.02 from the observed ratio of mc/mt.
For down quark sectors, by choosing the complex parameter bf as bd ≃ −eipi/10,
they have obtained reasonable results of quark masses (not only mdi /m
d
j , but also
mui /m
d
j ) and CKM matrix parameters. Hereafter, we will refer this model as Model
I.
Therefore, our next interest is whether Model I is applicable to neutrino
phenomenology under the same parameter values or not. Although they have
taken κ = 10 tentatively, the parameter κ is essentially free because we does not
yet observe the right-handed weak boson. [The case with a small κ (e.g., ∼ 10)
is very attractive from the phenomenological standpoint, because the case can
bring us detectable new physics in abundance [9]. However, in the present paper,
since we intend to give a unified description of quark and neutrino mass matrices
without assuming further additional intermediate mass scale, we do not consider
the case with κ ∼ 10.] Also, although the parameters bf have been taken as be = 0,
bu = −1/3 and bd ≃ −eipi/10 in Ref. [5], the value of bν in the neutrino sector is
still free. Therefore, for the neutrino masses and mixings, we have three adjustable
parameters, i.e., bν (complex) and m0/λ (real).
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For typical values of bν , bν ≃ −1/3, bν ≃ −1/2 and bν ≃ −1, the masses mνi
(i = 1, 2, 3) and mixings Uαi (α = e, µ, τ ; i = 1, 2, 3) for three light neutrinos are
given as follows [10].
Case bν = −1/3 + ∆bν (1≫ |∆bν | 6= 0):
mν1 ≃
3
2
me
mτ
m0
λ
, mν2 ≃ 2
mµ
mτ
m0
λ
, mν3 ≃
2
√
2
27|∆bν |
m0
λ
, (3.6)
U ≃


1 1
2
√
me
mµ
√
me
mτ
−1
2
√
me
mµ
1
√
mµ
mτ
−1
2
√
me
mτ
−
√
mµ
mτ
1


, (3.7)
Case bν ≃ −1/2:
mν1 ≃ 2
me
mτ
m0
λ
, mν2 ≃ mν3 ≃
√
mµ
mτ
m0
λ
, (3.8)
U ≃


1
√
me
2mµ
√
me
2mµ
−
√
me
mµ
1√
2
∓ 1√
2
−
√
me
mτ
± 1√
2
1√
2


, (3.9)
Case bν ≃ −1:
mν1 ≃ mν2 ≃
√
memµ
m2τ
m0
λ
, mν3 ≃
1
2
m0
λ
, (3.10)
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U ≃


1√
2
∓ 1√
2
−
√
me
mτ
± 1√
2
1√
2
−
√
mµ
mτ√
mµ
2mτ
√
mµ
2mτ
1


. (3.11)
4. Neutrino Data and their Interpretations
As possible evidences for non-zero neutrino masses, at present, the following
data are known:
(a) The solar neutrino data [11] with the Mikheyev-Smirnov-Wolfenstein (MSW)
effect [12] have suggested
∆m2⊙ ≃ 6× 10−6 eV2 , sin2 2θ⊙ ≃ 7× 10−3 , (4.1)
(the small-angle solution), or
∆m2⊙ ≃ 10−5 eV2 , sin2 2θ⊙ ≃ 0.8 , (4.2)
(the large-angle solution).
(b) The atmospheric neutrino data reported by the Kamiokande collaboration [13]
have suggested a neutrino mixing νµ ↔ µx:
∆m2atm ≃ 1.6 (1.8)× 10−2 eV2 , sin2 2θatm ≃ 1 , (4.3)
for x = µ (x = e).
(c) The neutrino oscillation (νµ → νe) experiment by the liquid scintillator neutrino
detector (LSND) [14] at Los Alamos has been reported nonzero neutrino mass:
(∆m2, sin2 2θ)LSND ≃ (0.3 eV2, 0.04)− (2 eV2, 0.002) . (4.4)
(d) A cosmological model with cold+hot dark matter (CHDM) suggests [15]
mν1 +m
ν
2 +m
ν
3 ≃ 4.8 eV . (4.5)
These mass values and mixings (4.1)–(4.3) and (4.5) are not based on direct obser-
vations of masses and mixings and they are highly model-dependent. On the other
hand, the experiment which reported the result (4.4) is still controversial [16]. (For
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convenience, hereafter, we will refer these data (4.1)–(4.5) as νsmall⊙ , ν
large
⊙ , νatm,
νLSND and νCHDM , respectively.)
Since ∆m2LSND ≫ ∆m2atm ≫ ∆m2⊙, we investigate only the following two
cases: (A) ∆m232 ≫ ∆m221 (i.e., bν ≃ −1 and bν ≃ −1/3); (B) ∆m232 ≪ ∆m221
(i.e., bν ≃ −1/2) , where ∆m2ij = mν2i −mν2j . Of course, in the three family model,
we cannot assign the three values ∆m2LSND, ∆m
2
atm and ∆m
2
⊙ to (∆m
2
32, ∆m
2
21)
simultaneously. For the case (A), we consider two cases: (A1) (∆m
2
32, ∆m
2
21) =
(∆m2LSND, ∆m
2
⊙) and (A2) (∆m
2
32, ∆m
2
21) = (∆m
2
LSND, ∆m
2
atm). Similarly, for
the case (B), we consider two cases: (B1) (∆m
2
32,∆m
2
21) = (∆m
2
⊙, ∆
2
LSND) and
(∆m232,∆m
2
21) = (∆m
2
atm,∆m
2
LSND). We do not consider the cases (∆m
2
atm, ∆m
2
⊙)
and (∆m2⊙, ∆m
2
atm), because it is readily known that the cases cannot give the
observed large mixing sin2 2θatm ∼ 1 in νatm.
In the three-family model, the neutrino oscillation P (να → νβ) (α 6= β) is
given by
P (να → νβ) = Sαβ21 S21 + Sαβ31 S31 + Sαβ32 S32 , (4.6)
where
Sαβij = −4ℜ(UαiU∗βiU∗αjUβj) , (4.7)
Sij = sin
2(L∆m2ij/4Eν) , (4.8)
and we have neglected CP -violation terms in (4.6).
In the case (A1), since ∆m
2
32 ≫ ∆m2atm ≫ ∆m221, we can regard Sij as
S21 ≃ 0 and 〈S31〉 = 〈S32〉 = 1/2 for the atmospheric neutrinos, where 〈Sij〉
denotes the mean value of Sij(L/Eν). Then, by using P (να → νβ) ≃ 2|Uα3|2|Uβ3|2,
the ratio
Ratm =
(νµ/νe)data
(νµ/νe)MC
≃ P (νµ → νµ) +
1
2
P (νe → νµ)
P (νe → νe) + 2P (νµ → νe) , (4.9)
is expressed as
Ratm ≃ 1− |Ue3|
2|Uµ3|2 − 2|Uµ3|2|Uτ3|2
1 + 2|Ue3|2|Uµ3|2 − 2|Ue3|2|Uτ3|2 . (4.10)
Therefore, in the case (A1), instead of (4.3), we temporize with (4.10) whose value
is consistent with the observed value [13]
Ratm = 0.57
+0.08
−0.07 ± 0.07 . (4.11)
However, both cases bν ≃ −1/3 and bν ≃ −1, from (3.7) and (3.11), respectively,
give Ratm ≃ 1 − 2mµ/mτ ≃ 1, which is in disagreement with the observed value
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(4.11). On the other hand, the mixing parameter sin2 2θ⊙ in the MSW solutions is
interpreted by
sin2 2θ⊙ = 4|Ue1|2|Ue2|2 . (4.12)
The cases bν ≃ −1/3 and bν ≃ −1 give
sin2 2θ⊙ ≃ me/mµ ≃ 0.005 , (4.13)
and
sin2 2θ⊙ ≃ 1 , (4.14)
which are consistent with the small- and large-angle solutions (4.1) and (4.2), re-
spectively.
In the case (A2), since ∆m
2
⊙ ≪ ∆m221 ≪ ∆m232, we can regard Sij as 〈S21〉 =
〈S31〉 = 〈S32〉 = 1/2 for ν⊙. Then, we obtain
Pee ≡ P (νe → νe) = |Ue1|4 + |Ue2|4 + |Ue3|4 . (4.15)
According to the recent analysis by Acker and Pakvasa [17] we will search for a
solution which is consistent with
Pee = 0.42− 0.52 . (4.16)
The cases bν ≃ −1/3 and bν ≃ −1, from (3.7) and (3.11), give Pee ≃ 1 and
Pee ≃ 1/2, respectively. Therefore, only the case bν ≃ −1 can explain the solar
neutrino data. On the other hand, the mixing parameter sin2 2θatm is interpreted
by
sin2 2θatm = S
µe
21 = −4ℜ(Uµ2U∗e2U∗µ1Ue1) . (4.17)
The cases bν ≃ −1/3 and bν ≃ −1 give sin2 2θatm ≃ me/mµ ≃ 0.005 and sin2 2θatm ≃
1, respectively. Again, only the case bν ≃ −1 is favorable to the data.
In both cases (A1) and (A2), the mixing parameter sin
2 2θLSND is given by
sin2 2θLSND = 4|Ue3|2|Uµ3|2 . (4.18)
The cases bν ≃ −1/3 and bν ≃ −1 give sin2 2θLSND ≃ 4memµ/m2τ ≃ 7 × 10−5,
which is too small compared with the observed mixing value (4.4).
Similarly, for the case (B1), we use the expressions
sin2 2θ⊙ = 4|Ue3|2|Ue2|2 . (4.19)
Ratm ≃ 1− |Ue1|
2|Uµ1|2 − 2|Uµ1|2|Ue1|2
1 + 2|Ue1|2|Uµ1|2 − 2|Ue1|2|Uτ1|2 . (4.20)
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The mixing matrix (3.9) gives sin2 2θ⊙ ≃ (me/mµ)2 ≃ 2 × 10−5 and Ratm ≃ 1 −
me/2mµ ≃ 1, which are in disagreement with the data.
In the case (B2), the solar neutrino data is explained by Pee given by (4.15),
and the mixing parameter in νatm is expressed by
sin2 2θatm = S
µτ
23 = −4Re(Uµ2U∗τ2U∗µ3Uτ3) . (4.21)
Since the mixing matrix (3.9) gives Pee ≃ 1 and sin2 2θatm ≃ 1, we fail to explain
the ν⊙ data, but we can understand the large mixing in νatm.
For both cases (B1) and (B2), the mixing parameter sin
2 2θLSND is given by
sin2 2θLSND = 4|Ue1|2|Uµ1|2 ≃ 4me/mµ ≃ 0.02 , (4.22)
where we have used the mixing matrix (3.9) for bν ≃ −1/2. The mixing value
(4.22) corresponds to ∆m2LSND ≃ 0.5 eV2 in the LSND allowed region (4.4).
The results are summarized in Table I. We find that the present model cannot
give a simultaneous interpretation for the three neutrino data, ν⊙, νatm and νLSND.
We must give up the explanation of one of the three data.
As suggested by the case (B2) in Table I, if we give up explaining the solar
neutrino data, we can find an interesting solution: (∆m232, ∆m
2
21) = (∆m
2
atm, ∆m
2
LSND)
with bν ≃ −1/2. For example, the solution bν = −(1/2)eiβν with bν = 0.12◦ gives
sin2 2θatm = 0.995 , sin
2 2θLSND = 0.0191 , (4.23)
mν1 = 0.000540 m0/λ ,
mν2 = 0.2288 m0/λ ,
mν3 = 0.2326 m0/λ ,
(4.24)
r ≡ ∆m232/∆m221 = 0.0331 . (4.25)
The input value ∆m232 = ∆m
2
atm = 0.016 eV
2 predicts
mν1 = 0.0016 eV , m
ν
2 = 0.695 eV , m
ν
3 = 0.707 eV , (4.26)
∆m221 = 0.483 eV
2 , (4.27)
together with
m0/λ = 3.04 eV . (4.28)
The values (4.23) and (4.27) are in good agreement with the observed SLND solu-
tion (∆m2, sin2 2θ)LSND ≃ (0.5 eV2, 0.02). Although the sum ∑mνi = 1.4 eV is
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somewhat small compared with the mass value in the CHDM scenario (4.5), these
neutrinos can still be one of the dark matter objects
When the LSND data are neglected, the case (A2) with bν ≃ −1 is also
interesting. For example, the parameter value bν = −eiβν with βν = 1.8◦ gives
Pee = 0.52 , sin
2 2θatm = 0.90 , (4.29)
which are favorable to the data of ν⊙ and νatm. On the other hand, the input
∆m221 = 1.283× 10−5(m0/λ)2 = ∆m2atm = 1.8× 10−2 eV2 , (4.30)
leads to
mν1 = 0.00305 m0/λ = 0.114 eV ,
mν2 = 0.00471 m0/λ = 0.176 eV ,
mν3 = 0.5002 m0/λ = 18.7 eV ,
(4.31)
together with
m0/λ = 37.5 eV . (4.32)
The value
∑
mνi ≃ 19 eV is somewhat large to identify these neutrinos as those in
the dark matter scenario. In the present case, although the third neutrino has a
considerably large value mν3 = 18.7 eV, the effective electron neutrino mass 〈mν〉 is
safely small compared with the upper bound on 〈mν〉 from the neutrinoless double
beta decays, 〈mν〉 < 0.68 eV [18], because of the smallness of |U2e3|, i.e.,
〈mν〉 =
∣∣∣mν1U2e1 +mν2U2e2 +mν3U2e3∣∣∣ = 0.0027 eV . (4.33)
In these examples, we have chosen the solutions with βν 6= 0. However,
this is not essential for the numerical results. The similar results to the cases
bν = −(1/2) exp[i 0.12◦] and bν = − exp[i 1.8◦] can also be obtained by choosing
bν = −0.50004 and bν = −0.97. However, since we have taken the rational solutions
of |bf | in the quark and charged lepton sectors, i.e., |bu| = 1/3, |bd| = 1 and |be| = 0
[5], we have taken the rational solutions of |bν | in Table II.
In Table II, we summarize these typical cases. For reference, in Table II,
we show the values of sin2 2θµτ which is given by sin2 2θµτ = 4|Uµ3|2|Uτ3|2 for the
case ∆m232 ≫ ∆m221 and by sin2 2θµτ = 4|Uµ1|2|Uτ1|2 for the case ∆m232 ≪ ∆m221,
because CHORUS [19] and NOMAD [20] experiments at CERN are expected to
present results on the νµ → ντ oscillation in the very near future. As pointed out by
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Tanimoto [21], the values of sin2 2θµτ are very small for the case mν1 ≪ mν2 ≃ mν3 ,
i.e., sin2 2θµτ ≃ 4me/mτ for bν ≃ −1/2, so that it will be hopeless to observe
the νµ → ντ oscillation at CHORUS and NOMAD. The case ∆m232 ≫ ∆m221, i.e.,
bν ≃ −1, gives a sizable value sin2 2θµτ ≃ 4mµ/mτ , so that the case will be hopeful
to observe the evidence of the νµ → ντ oscillation.
In Table II, we also list the value of the intermediate mass scales κm0 and
λm0, which are obtained by the following relations:
mt ≃ 1√
3
m0 ≃ 180 GeV (at µ = mZ) , (4.34)
from (3.5) and
(κ/λ)m0 = mτ +mµ +me = 1.850 GeV , (at µ = mZ) (4.35)
from Me ≃ (κ/λ)m0Z · 1 · Z, i.e.,
m0 ≃
√
3mt ≃ 312 GeV (at µ = mZ) , (4.36)
κ/λ = 5.93× 10−3 . (4.37)
5. Conclusions
In conclusion, we have investigated a universal seesaw mass matrix model
with a form (1.1), and have found that the model has a possibility of giving a unified
description of a mass hierarchy of quarks and leptons by assuming detMF = 0 for
the heavy fermion mass matrix MF in the up-quark sector. Here, the “hierarchy”
discussed in the present paper means the mass hierarchy among the three groups,
(i) top quark, (ii) quarks except for top and charged leptons, and (iii) neutrinos.
For example, in Model I, the hierarchy among me, mµ and mτ are given by hand,
i.e., by adjusting the parameters zi in the order-one matrices Z ≡ ZL = ZR. It is
our task at the next step to answer why these matrices ZL, ZR and Yf take such
structures.
In the SU(2)L×SU(2)R×U(1)Y model, it is likely that the neutral heavy
leptons acquire Majorana masses MM together with the Dirac masses MN with
the same structure and the same magnitude, i.e., MM = MN . Then, masses of
the twelve Majorana neutrinos are given by (2.7)–(2.9). In the present model,
heavy neutrinos with masses of the order of (κ2/λ)m0 do not appear, and, instead,
pseudo-Dirac neutrinos with masses of the order of κm0 appear.
14
A suitable choice of the matrices ZL, ZR and Yf will give a unified descrip-
tions of masses and mixings of quarks and leptons. As a simple example of ZL,
ZR and Yf , a model with (3.1)–(3.3), Model I, has been investigated. The model
can give a unified description of masses and mixings of quarks and charged leptons
[5]. However, the straightforward application to the neutrino phenomenology fails
to give the simultaneous explanation of the solar, atmospheric and LSND neutrino
data. If we give up explaining one of these three data, for example, if we give up
the explanation of the solar neutrino data, we obtain the intermediate mass scales
κm0 ∼ 1011 GeV and λm0 ∼ 1013 GeV together with m0 = 312 GeV. Note that in
spite of the largeness of O(mR), the model can give a reasonable value of the top
quark massmt. (In other words, the above intermediate mass scales have estimated
from the input value mt(mZ) = 180 GeV.)
If we take all of the neutrino data, ν⊙, νatm and νLSND seriously, we must
seek another set of the matrices ZL, ZR and Yf or we must abandon the idea
O(MN) = O(MF ) (F = E,U,D). Although the model with ZL = ZR, Model I,
has successfully described the quark masses and their mixings in terms of charged
lepton masses, there is no reason that we should consider ZL = ZR. It will be worth
while investigating a model with ZL 6= ZR for quarks and leptons. It will also be
worth while investigating a model with O(MN) ≫ O(MF ) (F = E,U,D). The
latter possibility will bring abundant light neutrinos into the model (for example,
see a model given in [10]), although it is not economical because it bring additional
intermediate mass scale into the model.
Model I discussed in Secs. III and IV is only an example. There will be many
interesting versions of the universal seesaw model. The universal seesaw model will
be one of the most promising models of the quark and lepton unification.
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Table I. Possible interpretations for the ν⊙, νatm and νLSND data.
The parameter r denotes r = ∆m232/∆m
2
21. The numerical results have
obtained from the direct evaluation of the mass matrix (2.1) without
using the approximate expressions (3.7), (3.9) and (3.11). The values
with the symbols ◦ and • denote that those are favorable and unfavor-
able to the observed data, respectively.
(A) ∆m232 ≫ ∆m221 (B) ∆m232 ≪ ∆m221
bν ≃ −1 bν ≃ −1/3 bν ≃ −1/2
(A1) (∆m
2
32,∆m
2
21) = (∆m
2
LSND,∆m
2
⊙) (B1) = (∆m
2
⊙,∆m
2
LSND)
◦ sin2 2θ⊙ ≃ 1 ◦ sin2 2θ⊙ ≃ 0.04 • sin2 2θ⊙ ≃ 2× 10−5
• Ratm ≃ 0.9 • Ratm ≃ 1 • Ratm ≃ 1
• sin2 2θLSND ≃ 5× 10−5 • sin2 2θLSND ≃ 6× 10−5 ◦ sin2 2θLSND ≃ 0.02
◦ r ≥ 104 ◦ r ≥ 104 ◦ r ≤ 10−3
(A2) (∆m
2
32,∆m
2
21) = (∆m
2
LSND,∆m
2
atm) (B2) = (∆m
2
atm,∆m
2
LSND)
◦ Pee ≃ 0.5 • Pee ≃ 1 • Pee ≃ 1
◦ sin2 2θatm ≃ 1 • sin2 2θatm ≃ 4× 10−3 ◦ sin2 2θatm ≃ 1
• sin2 2θLSND ≃ 5× 10−5 • sin2 2θLSND ≃ 6× 10−5 ◦ sin2 2θLSND ≃ 0.02
◦ r ≥ 104 ◦ r ≥ 104 ◦ r ≤ 10−3
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Table II. Numerical results for the special values of bν . The values
with the underlines are input values. The values with the parentheses
denote those which contradict with the observed values.
bν − exp[i 1.8◦] −(1/2) exp[i 0.12◦]
r ≡ ∆m232/∆m221 1.950× 104 0.03310
∆m232 3.51× 102 eV2 0.016 eV2
∆m221 0.018 eV
2 0.483 eV2
m0/λ 37.5 eV 3.04 eV
mν3 18.7 eV 0.707 eV
mν2 0.176 eV 0.695 eV
mν1 0.114 eV 0.00164 eV∑
mνi 19.0 eV 1.40 eV
〈mν〉 0.00705 eV 0.00267 eV
Pee 0.523 (0.990)
sin2 2θatm 0.900 0.995
sin2 2θLSND (0.000048) 0.0191
sin2 2θµτ 0.211 5.4× 10−6
m0 3.12× 102 GeV 3.12× 102 GeV
κm0 1.54× 1010 GeV 1.90× 1011 GeV
λm0 2.60× 1012 GeV 3.20× 1013 GeV
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